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INTRODUCTORY. 

It has been said that "Egypt is the Nile and the Nile 
is Egypt," bo closely identified is the great river with 
the great nation which fur many centuries dominated the 
kingdoms of the world and diffused the light of its civi- 
lization even In present generations. 

This granary of the Continents owed its productivi- 
ty, wealth, pmver, influence and population to the an- 
imal inundatiaiis of the Nile which deposited a fertile 
silt beyond its borders and irrigated its extensive rice and 
pasture lands. This benctircnl provision of nature which 
was so extensively applied in the days of the Pharaohs, 
ami of Joseph, is still recognized by the foreigners in 
that country, whose energies are directed to increase Hie 
productivity still more by the construction of Lake 
Mneris and the maintenance of the irrigation dams and 
canals of the Damietta and liosctta Branches of the 
Delta. 

In strong contrast with this foreign policy of en- 
richment by overflow ami irrigation our own engineers 
appear to be wedded to a system of exclusion and drain- 
age liy hvees designed to %m tine the waters of the up- 
lands so richly charged with alluvion, to the narrow bed 
of the stream and to attempt the impossible problem of 
compelling the currents with their ever diminishing 
velocity, iluv to reduction of slope, from head to month, 
to convey all the detritus of the region to the Gulf of 
Mexico. 

The following data are collated from the best autho- 
rities and are submitted, not in a spirit of criticism but 
as logical deductions from historic facts and observations 
which OWry with them the force of conviction to unpre- 
judiced mi mis. The logical conclusions to which these 
data lead arc of such momentous importance as to justify 
the careful personal consideration of all classes of our 
citizens, in order that great calamities may be averted 
in the future. 



The destruction of the great reservoir Naharaga, 
and its dependent irrigation system, by Cyrus, converted 
the fertile plains of Mesopotamia into an uninhabitable 
wilderness. Let us take warnings from the past and 
"wisely improve the present," thai we may safeguard 
the future of this great Republic. 
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IMPORTANT PACTS FROM OFFICIAL AM) OTHEK SOURCES ! 

The tide trnter of the Gulf of Mexico formerly ex- 
tended to the mouth of the Ohio river, the whole coun- 
try below Cairo heiitfr im alluvial deposit. 

These alluvial deposits have raised the level of the 
laud at Cairo, and, as a consequence, the bed of the 
stream also more than 300 feet. This statement has 
been both affirmed and denied, hut it is certain that the 
alluvial deposits tit and near Cairo are of great depths. 

Until recent years, the overflows from the river in a 
state of nature have been chiefly deposit ed in immense 
bftsins, aggregating nearly 30,000 square miles, and, as 
the heavier particles, are first deposited, ridges have 
been formed on cadi hank at times reaching 15 feet 
higher than the bottom-lands more remote from the 
channel. 

Tin sediment not deposited in the basins i- carried 
by the strewn: dropping upon the bud the heavier par- 
ticles, whenever the velocity is reduced, and carrying 
the lighter particles to the Gulf. 

The sediment carried to the Gulf is so light that it 
is said several days we required before a portion en- 
closed in a glass jar will set lie to the bottom, and yet 
the quantity is so enormous that a Hood, if carrying 
2,000,000 cubic feet per second, would in 24 hours, if 
11 discharged in the Gulf, cover 4050 acres to a depth of 



one foot and in 60 years the (ill 10 miles nut from the 
passes is said to have been 620 feel and that 1 lie surface 
will be reached in about 1"> years more. 

It lias been estimated that with all the tributaries in 
full flood at the same lime as the main liver the total 
discharge of water might reach 8,000, Odd cubic feet per 
second. 

2,000,000 cubic feet per second is considered a con- 
servative estimate of the discharge during a high flocd. 

Of this volume only one half, or I, taut, nun cubic 
feet per second reaches the (itilf at the mouth of the 
river. 

The balance is carried off by lateral streams, held 
back in the basins, dissipated by evaporations, or re- 
tained by absorption. 

The overflow into the St. Krancis liasiti is estimated 
at 300,000 cubic feet per second or more. 

The St. Francis Basin is WO miles long and 35 
miles wide. 

This overflow consumed 17 days in 1890 and 23 days 
in 1*91 in reaching Helena, usually about 2 weeks. 

William Starling estimated that the closure of the 
St. Francis and White River Basins would raise the crest 
of the Hood at Helena 5 feet. 

The same writer stated that the gauge at Sunflower 
would undoubtedly have stood 7 feet, or more, above all 
previous records if crevasses had not oecured in the 
levees in front of the White River Basin and the levees 
would have been deeply submerged if something had 
not given away. 

This result followed the practical closing of the 
basins by levees. A gap of 100 miles still remains open 
in the St. Francis I la sin. 

Every reduction of velocity in a silt-bearing stream 
causes deposits and the velocity is dependent upon the 
slope. The fall of the stream is 5 inches to the mile 



from Cairo in Memphis— velocity S miles per hour; I 
inches from Memphis to Vicksburg— velocity 4 miles per 
hour; *'»£ inches from Vicksburg to Red River; i inches 
from the mouth of Red River to New Orleans and 1 

inch from New Orleans to the Gulf. The velocity varies 
with the slope, from & miles per bom* above Memphis 
to one mile per hour below New Orleans. 

It has been stated thai s crevasse at Bonael Carre, 
a short distance above New Orleans, which discharged 
one-twelfth of the flood water through Lake Pontcbar- 
traiu, in going ll miles instead of 160 miles to the River's 
mouth, lowered the high water mark at New Orleans 
from 3 to I feet where the rise and fall was 17 feet, and 
lowered it at. Natchez, 'i(H) miles above, from li to 8 feet 
where the rise and fall was 50 feet. 

It is a 1st i claimed that an outlet one mile wide by 
10 by \'l feet deep with a fall of 12 feet ingoing li miles 
to Lake Borgne, would divert one-twelfth more of the 
discharge ami reduce the high water level at New Or- 
leans in all 8 or 111 feet and at Natchez from 14 to 15 
feet. 

NOTES FROM WILLIAM STARLING 1897: 
The rivers emptying into the Mississippi cannot he 
leveed, as the valleys cannot be drained hy pumping. 
The rain water discharge at the mouth of the Yazoo river 

- 

reaches 100,000 cubic feet per second, which is 60 to 
"11 limes the capacity of the greatest pumping plant in 
existence. 

In May 1892 the discharge which passed St. Louis 
was 74" p. ct. of that passing Cairo and in 185S about 
the same proportion. 

The Missouri contributes two-thirds ot the solid 
matter brought to the .Mississippi. 

A part of the flood discbarge of the lied River pas- 
ses off through the Alehafalaya. 



Like the St. Francis reservoir) the upper part <if 
the White River basics, before it was closed, acted as a 
waste-weir for the surplus water of the river, reducing 
the height of the water very materially, perhaps 2 or 
;i feet. 

The closure of the St. Francis and While Kiver 
basins will probably raise ihe crest of the wave at Helena 
5 feet. 

The closure of the upper basins will have Hie unde- 
sirable effect of bringing the floods from the upper rivers 
into closer coincidence with those of the While and 
Arkansas and tins may justly be considered a serious 
element of danger. 

In 1892 the outpour of the Arkansas was more than 
half that of tfie Missouri in full flood, hut two-thirds 
never reached the Mississippi at all, hut went around 
the head of the Tensas system of levees, which w<tx 
then open. 

The ilood of 1SH7 is important to the engineer from 
the wholesale closure of unleveed tracts and the extra- 
ordinary elevation of its high water consequent thereon. 

The St. Francis basin was closed since IfiU.'S to a 
distance measured along the river of 120 miles and a gap 
of tOO mites still remains. The White Kiver Basin has 
been closed. It is to the building of these lines and the 
maintenance of the lines previously existing that the un- 
paralleled stages attained by the water have been due. 

IMltKASINti ELEVATION OF FLOODS IN THE 
LOWER MISSISSIPPI RIVER. 

Extract from paper read by L. W, Brown, V. E., 
before the Louisiana Engineering Society, March 11, 
18&1. 

This is the most recent and in many respects the 
most able and reliable paper ever presented to the En- 



ginecring Profession on tliis subject, with the possible 
exception of the recent paper of James A. Sedden, Iiere- 
iiinftor quoted. 

The paper is tin- result of 21 years observation by 
the writer, during 1;"» years of which he was directly 
connected, officially and otherwise, with the levee work. 
The paper should be studied carefully, n few extracts 
only eati here he given. 

Twenty years ago the levees were of very small di- 
mensions and very low in elevation as compared with 
those now existing. The levees in the third district were 
but lil lie larger than a well-hanked potato row. 

In :i vevy few decade? the construction of levees to 
properly secure us against inundation will become a pro- 
digious undertaking, hold as an engineering feat and us 
a revenue consumer. 

Why should the maximum floods increase in eleva- 
tion when a corresponding increase of discharge is not 
apparent ? Why did the normal Hood of 1HUN, dischar- 
ging very considerable less volume than the great floods 
of 1851 and 1890, acquire greater Hood elevation ? 
February 26, 1890 Hood volume 1,422,000 cubic feet 

per second. Height 1 1.7 ft. 
May 2, LSIbS, Hood volume l,OS4,O0i) cubic feet per 

second. Height 16.85 ft, 
or a Hood 30 p. ct. less in volume gave 2 feet greater 
height in an interval of 8 rears. 

The Hood elevation of 1.S74 was not surpassed until 
1890. In lKi)7 the maximum elevation was 3.47 feet: 
higher than the extraordinary Hood of 1*7-1 twenty-three 
years previous. 

While the difference in elevation of the Hood of 
lHf>7 above the sea level was 22 per cent, more than that 
of 1874, the discharge was only 12 per cent, greater. 

The reeords show that the discharge for hitter years 
is much less than in former years for same elevation of 



flood. Referring to a !:>! given of great floods, it is 
found thai from 1*l j ,s to 1874, ;i period of 46 years, the 
increase in the height of the Honda was only at the rate of 
one foot in 90 years, while the flood of IWi was 3. 74 
feet higher than the Booil of 1*7-1 or tit the nite of one 
foot in n'4 years, The Hood of 1890 was 3.07 feel below 
thai of I*!'7 or at the rate of a fool in m 2h years. 

The facts presented would indicate a future rate of 
increase of the height of floods of one foot in 5 years 
and this increase will probably be exceeded. Hence 
the levees of 1950 will be lo feet higher than at present, 
under which conditions the whole delta will be confis- 
cated for levee protection anil commerce on the lower 
.Mississippi will be rendered wholly impracticable. 

Charles Kllett, who represented the I.'. S. Govern- 
ment in connection with river investigation in I Ml, was 
sufficiently hold to assert that to sustain a flood of the 
intensity of that of ISiil the levees must be made at 
least 2 feet higher from Red River to New Orleans, for 
which assertion he was in 1SI51 severely criticised by 
the representatives of the Government in charge of 
river matters. 

The prophecy of Mr. Kllett has been more than 
realized. Instead of J* feet, levees are now 5 feet higher 
than in 1851. 

The estimate of the Government Engineers in 1HU1 
for complete protection from Cairo to the Gulf, includ- 
ing value of existing levees, was 126,000,000. There 
have been expended since 18l»l in levees still incomplete 
more than 150,000,000, and the cost of the levee system 
when completed will not he less than $100,000,000, if 
built at once, but more, if built gradually. 

When the levee system was inaugurated, between 
the years I860 and 1880, no marked increase in the ele- 
vation of floods was apparent. The records show an 
increase of only nine-tenths of a foot from IHiiS to 



1890, :i period of 62 roars, while from 1890 to 1897 tlic 
records show an increase of «i.()7 feet in seven years. 

The advocates of Hi*- all levee system have persis- 
tently condemned all surest ions which won hi reduce 
the elevation of floods, even when made by prominent, 
accomplished, brilliant, and learned members of the 
civil engineering profession. 

The careful consideration of the records of great 

(binds lor the past seventy years would clearly indicate 
that the volume is not increasing, and there is evciv 
reason why the maximum volume should not increase 
with the settling up and improvement of the country. 

Mr. BrOWD gives an estimate of the amount of de- 
posits in the (julf based on a discharge of 400,000 cubic 
feet per second for \'JU days in (lie year and solid mat- 
ter, one. part in ISOO tilling 250,000 acres to a depth of 
"> inches equivalent to 102,400,000 cubic yards. 

In a second paper read before the Louisiana En- 
gineering Society on May 8, L901, the slopesave given on 
several stretches of the Lower Mississippi for 10 seasons, 
covering the past 30 years, which demonstrate that the 
theory on which the improvements of the Mississippi 
river are now being made, is wholly and radically wrong. 

After the reading of the paper by Mr. Brown at 
the meeting of the Louisiana Engineering Society a dis- 
cussion ensued which was participated in by Messrs. II. 
II. Richardson and B. M. llarrod in defence of the plans 
of the Mississippi Kiver Commission. 

In his reply Mr. Brown stated that Majors Richard- 
son and llarrod had in their discussion studiously avoi- 
ded any reference to the fact that the levees are enor- 
mously higher today than two decades ago and the levees 
in 1807 were only by great exertions made to answer 
their purpose. He then proceeded to establish by the 
writings, theories and actions of the Mississippi Hirer 
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Commission, that the slope is depressed in proportion 
as the heigh! of floods li:t < been increased by their own 
works. 

A maxim i- laid down that to improve the flow or 
discharge of any stream we must improve the outlet and 
thus Increase the lope. 

Mr. Brown a-ks: "Ma^ the Mi ■- ippi River Com- 
mission such knowledge and has ii made uch inve^tiga- 
tions as are ueces ary in determine that the bed of the 
river is not being elevated '.' Ef they bavt, why is not 
this must valuable information made publie r Ii' the 
flood elevations are increased, us past experience teaches 
us they have been, ami ii' they have occasioned a de- 
urease in (he slope of the whole liver, as is shown to be 
the case, although not published In the Commission, by 
what hydraulic law.-, won hi the deduction lie made that 
the bed is not fouling ? If no phenomenon has occured 
which was not anticipated by them, the Commission is 
responsible for the losses this country sustained in 1897 
amounting to upwards of $100,000,000, by not adopting 
in 1*04 h grade for levees 4 feet above the high water 
of J^Tiy iii-tcad of adopting this tremendous elevation in 
1898 and with the same reasoning the Commission should 
at once give us the proper elevation for 1905 so that we 
can construct them economically. 

Other statistics are given showing that the predic- 
tions of the engineers in regard to the proper height of 
levees for protection have, been unfulfilled, 

NOTES FROM PAPEK OF OAPT. JOHN COW&ON, 

1897, FROM NEW ORLEANS IT KM. 
APRIL loth, 1897. 

The Northern shore of the (iulf of Mexico was at 
one lime 40 miles above Cairo, 

The rivet has all the time been raising its bed, bald;: 
and high and low water lines. 
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Logs have been found by borings from LOO to 300 
feet under the surface from Cairo to New Orleans. 

Currenl from Humphrey's report, "> miles per hour 
at Cairo. -I roiled per hour Memphis to Vicksburg, re- 
ducing gradually to slack water near the Gulf. 

Tbe Hood of 1858 gave l,675,OUn cubic feet per 
second :it Cairo with additions from other tributaries to 
make 2,000,000 cubic feet per second; at the same flood 
the. outflow passing New Orleans was only 1,100,000 cu. 
feet per second. The Mississippi River Commission 
stated that in 181*0 the inflow a1 Cairo and down to Red 
River was a, 200, 0U< > eu. ft. per second and the discharge 
by New Orleans 1,000,000 cubic feel per second. 

A number of points arc named on pages 3, I, 5 and 
(i Senate Document No. 125, 55th Congress, Isl session, 
at which outlets could be made for the relief of the 
flood water; 

The charge is made that in order to convey the im- 
pression that recent flood lias not been higher than pre- 
decessor, the gauge marks set by General Humphrey in 
1854 have been rabid i feet at Carrollton and still 
higher at other points. 

The Mississippi River lias shoaled to 5| feet at a 
dozen places below Cairo. 

No matter how arduously all elements, cities, coun- 
ties, states, and the nation may co-operate to build a 
system of levee- high enough to be nut of reach of the 
highest water of record, the m ; g lily river will fill its 
confined bed with silt ard the levees will have to be 
elevated correspondingly, only to give way Anally be- 
fore the next great, flood. 

Referring to the rlor.d of l*;i7. the New Orleans 
"States" of April 18th declares that, bat for the invalu- 
ble relief of the Alehafahiya outlet, this Metropolis of 
the South woidd already have been doomed to present 
duviishil inn and future decay. The Atchafalaya so far 
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has been the menus of saving this city and the rich ri- 
parian country below the Red River from overflow and 
all tin* horrors thai such a fate means, 

In 1*71 anil again in 1*74 New Orleans was saved 
from destruction by erevaetae at Bonnet Carre, in UsM 
by the breaking at the Davia levee and in IKtMi the tor- 
rant passed over the levees at New Orleans and tan 
down Canal Street huh dee) to the vehicles thereon, but 
again the city was saved by the breaking of the Ml a 
crevasse. The same history of danger and relief was 
written up in l#93 in the Belmont and Sarpy crevassea, 

Capt. King of the U. 8. Engineers stated before a 
Congressional Committee that hut for the break at the 
Nit a Crevasse, the water at New Orleans would have 
been two feet higher. The flood was already passing 
over the levees when the break occured. 

At Lake Borgne the Hood water of the Mississippi 
could pet to the Gulf in fi miles with a fall of 15 feet 
rather than run to (lie present outlets at the mouths of 
the river for llti miles with the same full. 

Gauge reading shown to be incorrect. Smoke pipes 
knocked off steamboat in consequence of water being 
higher than the gauge reading indicated. The owner of 
the boat sought to recover damages but had no recourse, 
as the Government was the party at fault. 

Some engineers are suggesting ami planning alio 
heuiia levee district to extend down to Fort St. Philip, 
a distance of 25 miles. If they succeed in securing the 
means and build levees high and strong enough to resist 
future Hoods, New Orleans and the country above will 
have to build higher and stronger levees, for the cheeked 
flood, unable to get out of the mouth, will regurgitate 
over all levees of present grade. 

So the tight will go on until some such catastrophe 
as occured in China, when the Yellow Biver levees broke 
and drowned 3,000,000 people. The levees at or near 



the discharging point of the Mississippi will be built 
higher and stronger, and -those above will break, anil 
they in turn will he built higher when the flood has gone, 
only to result in the destruction of those below. 

Extracts from statements of J, A. Ockersoo, Civil 
Engineer and Mem her of the Mississippi River Com- 
mission, from "liiparian Lands of thu Mississippi," 

"Below (iruy's Point the normal condition of the 
stream is often affected by back water from the Ohio 
which causes a deposit of sediment that become? a pro- 
lific source of annoyance to navigation." 

In the fourth reach from the mouth of the Ohio to 
Red River the bed of the stream is through deposits 
which it has built up and torn down repeatedly. 

Continuous levee advocates claim that there are no 
deposits upon the bed and that, on the contrary, there 
is a scour which deepens the channel and loners the 
ilood plane. 

The erosion of the banks by the current amounts 
to an average area of about !> acres per annum for each 
mile of river. 

Only a minute portion of the material can be car- 
ried to the Gulf i because of reduced velocity and slope. 
Where can it be deposited if not in the river ? 
NOTES FROM REPORT OF MESSRS. HUMPHREY 
&, ABBOTT ix 1861. 

"The popular idea that a slight artificial retardation 
of the current such as that caused by a crevasse must 
produce a deposit in the channel of the river below it is 
proved to be an error. No artificial diminution of the 
high water of the river can produce a deposit in the 
channel." 

"In 1H51 the amount of sediment carried by the 
Mississippi was maximum one part in (iiSl average one 
in 1 80S. In ltfaii maximum one in hit average one in 
M4!i. 
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The ratio between surface and true mean velocity 
is 1x1.2. , 

"Besides t ho amount held in suspension, the Mis- 
sissippi pushes along into the Tiulf targe quantities of 
earthy Blatter. 

It appears to be aboul 750,000,000 cubic feet which 
would cover a square mile 27 feet deep. 

The total yearly contribution from the river in the 
liulf amounts to ;i prism 208 feel in he-ighl 'With it base 
of one sijuare mile equal to ,278,000,000 cubic yards. 

The following table gives the maximum discharge 
per second in cubic feci in tin- ureal flood of 1*58, the 
duration of the Hood above the banks in days and the 
height to which the elevation of the Hood would have 
been increased if the continuous levee system had been 
completed at that time, as estimated by Messrs. Humphrey 
and Abbott. 

.Station. Discharge. Duration. Increase. 

Columbus.. 1,478,000 :' I 1.8 

Memphis ..1,380,000 87 6.5 

Helena " " 3,9 

Napoleon L»869;000 inn 6.0 

Lake Providence 1, -UK, 000 — 9.8 

Vicksburg 1,466,000 1 ->! > 8.8 

Natchez ." 1,480,000 129 L6 

Red River Landing. . 1,338,000 1 18 3,2 

Baton Rouge, 1,838,000 2.7 

Donaldsonville 1,297,000 1211 2.2 

Camillion 1,297,000 111!) 2,4 

If the proposed levees to secure absolute protection 
were supposed to be entirely new, the estimate was 

125,932,000 and to bring the existing levees up to this 
standard the amount thus to be expended was estimated 
at that time, 1882, to be $17,000,000. Experience has 
now shown that an expenditure five times as great as this 
estimate would not have secured the protection so confi- 
dently anticipated, 



PROPOSED Ol'TEET AT BONNET OAKKE. 

There can be no doubt thai by making two levees 
from the river to the hike :nM eiiuiuj the Mississippi 
levee between them, a high water outlet of any dimen- 
sion can be made. Such an outlet would lie of utility in 
redwing the height of floods for many miles above and 
below. 

LAKH BORGNE OUTLET. 

If millets are to be used, litis is the locality for 
their trial, since tbe results would be less injurious here 
than at Lake Pootchartrain. 

To reduce the maximum discharge of the flood of 
185s to that of 1*51 would require th' j abstraction from 
the river of !5li,nnn euhie I'eet per x.-eond. 

This would raise the surface of Lak« PontehartraiB 
"i feet and would Hood the rear of t the plantations, which 
are but one or two feet above the lake. Levees must 
therefore be built alone; the edgt; of the »wamp. 

STATEMENT OF JAMES A. SEDDON. 

Paper read hefore the Western Society of Engineers, 
discussed by Messrs. Lyman K. Coo ley, Hubert E. Mc- 
Matii, (.'. H. Tutton, Isham Randolph, Thomas T. John- 
sou and -lames A. Seddou. The report states that 
"The discussions of Messrs. Randolph, MeMalh, John- 
ston and Tutton praelically express unqualified approval 
of the main propositions." 

EXTRACTS. 

In river problems, each case is to be settled only in 
a special study of its data. 

All' along the basins the ground slopes back from 
the Mississippi into an area of low swamps threaded with 
lakes and bayous which act as a system of great reser- 
voirs, which retain the flood excesses. 
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Tiit* larger basin lying between Cairo ami Helena 

known as the St. Francis is the nniy one now remaining 
partly open. The line as first (will was much too low to 
withstand the increased Hood height that followed the 
restricted overflow and the great flood of 1HD7, the first 
that had come against.it, broke through the levee in a 
Dumber of places before it bad reached its extreme by 
several Feet, lint il nevertheless yave the last ami the best 
indication of wli.it flood heights may be expected when 
the overflow into tins natural reservoir system is entirely 
closed out. 

The spill over the hanks into the swamp basin be- 
gins at a discharge level of 1,000,000 cubic feet per 
second which is 12 feel below the extreme stage of the 
fiood at Cairo. The discharge level of 1,700,000 cubic 
feet per second at Cairo is cut down by the overflow, to 
a 1,200,000 eu. ft. discharge at Memphis. 

Tin* paper of Mr. Scddon is illustrated by numer- 
ous tlood hydrographs showing the extent to which the 
extreme height of the floods would he planed off, if pot" 
tions of the volume could be withdrawn in" the upper 
roaches am! the marked effect of a system of swam]) re- 
servoirs upon the tloods strikes the eye upon the first 
glance at it. From January first, the beginning of over- 
flow, to (he latter pari of July, when the river again gets 
within banks, all the flood extremes at Cairo are planed 
off by the outflow, and all the lower stages between 
these extremes tilled with it. The basins cannot hold 
the iloodwater back for the low wafer period. From ten 
days to two weeks is about the retardation of each of 
them and in a Hood period of mouths, it must practically 
all come out again on it. Hut even where it comes out, 
this reservoir system has considerably eut down the ex- 
tremes in its levelling up process, while at such points 
of maximum outflow as Memphis and Lake Providence 
it has about relieved the Mississippi of one-third of its 
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flow find a great river of some 500,000 discbarge is car- 
ried down in the swum pa outside of it. 

In Contrast to the free overflow in 1*82, the Hood 
of 18J)7 subject to tin- levee restraints is most striking. 
With mi isolated Hood at Cairo some 0.8 feet lower, from 
Helena down the extreme high water stage is raised from 
4 to <! feet and this notwithstanding the fact that a good 
part of the St. Francis lias in remained open white the 
leve' 1 that was there gave way when the river was still 
some 200,00(1 to 300,000 below its maximum discharge. 
From there down the Hood in .succession, notwithstan- 
ding its reduced vohime, broke through the Yazoo, 
White and Tensas levee systems in a number of places. 

Altogether then, from the evidence of this 1897 
Hood, there is little doubt that to shut, tiff the outflow 
completely from all these great basins, is to raise the high 
water stage of such Hoods from <> to M feet above the 
levels at which the natural reservoir system of the river 
would have carried them and even in the interest of a 
real H.hkI protection alone, it would certainly be wise to 
consider whether some less dangerous step into the un- 
known might not be substituted for it. 

Had the St. Francis basin in 18K2 simply been cross- 
leveed at intervals, with outlets under control, making 
of it a chain of reservoirs to hold the flood water, there 
would then have been no return How at Helena, no cor- 
responding outflow into the Yazoo, no inflow crest at 
Vteksburg, and while there would still have been sonic 
overflow, yet from Memphis down there would have 
been no great Hood that year, certainly nothing that a 
very moderate levee system could not safely have car- 
ried. 

Considering the increasing risk that each additional 
foot to the high water stages throws upon all the land 
behind the levees along the whole valley, there is very 
little doubt that, holding the flood waters back, once for 
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all, ill tbe head of the system and never having extreme 
flood*, is true Hood protection, oven if it does sacrifice 
some 13 | k i cent, of swamp area. 

A owe "t tin- most serious problems of the Lower 
Mississippi, the erosion uf a river that rises nod falls 
sonic 5U feet against h;inks of light alluvium, the bed 
changes in this ease are taoai threatening. 

Indeed, the, matter of caving banks on the Lower 

Mississippi is only second in importance to the Hood pro- 
tection, and in fact the two are closely related'. In long 
reaches the bank erosion has its annual average of some 
L25 feet, that year by year eats its way into the levee 
line, and n new line ha-* In he constructed back of it, and 
not only lias the river a sure mortgage on the land ad- 
joining it. luil there are few of the towns and cities along 
its course that have not a'more or less eunlinual (miit 

with ihis movement of the river to hold their wharfage 
and front properties, in which the river finally compters. 

With the reservoir system in the St. Francis basin 
a wholly new regime would begin at Helena. With some 
lit feet .cut off the top of all Hoods there, and 100,000 
cubic feet per second for two hundred days put back on 
the short low water period of the river, the range from 
high to low water, even in extreme floods, would be lit- 
tle more than 2~> feet, while the ordinary rise and fall 
would lie near 15, in contrast with the condition of a 
complete levee restraint, with its ordinary range some- 
times over 10 feet and an extreme range of over 50 feet. 

With the reservoirs in the St. Francis basin, the 
levee system already completed below the White and 
Arkansas Rivers would certainly be enough for any pos- 
sible contingency, while there are possible contingencies 
in the combination of these lower floods, with a com- 
plete restraint from above that no levee system yet con- 
sidered would begin to stand against. 
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Mr. Seddon concludes his paper with this paragraph: 
Finally it may be noted that in the la>l 20 years 
the Government has -pout on this river some §40,000,- 
000, or just about the cost of the St. Francis reservoir 
system with slack water navigation (20 feet depth) to 
Cairo, That it has spent the must of this to pay for 
experience is now generally admitted and it may be ad- 
mitted that perhaps it could not have gotten this ex- 
perience any cheaper. But in any event, if the matter 
was worth beginnings it is certainly now worth finishing 
with such a waterway in sight, carrying, as ii does, this 
high degree i»f flood ami bank protection with it. The. 
final question then is simply. — Having paid $40,000,000 
bete for experience, docs the country now propose to 
profit by it ? 

DISCUSSION. 

The advocates of levees claim that by confining the 
river by continuous levees on both sides the velocity 
will be increased, a scour produced, the cross-section 
enlarged am! a more rapid Hood discharge induced. 

Tin re is nothing to justify this opinion. Velocity 
depends upon slope and as the length lias been increasing 
by deposits in the Gulf while the total fall to mean tide 
level remains constant, the mean average slope must he 
diminished, but cannot be increased. The idea of a 
general secur of ihc whole bed is an absurdity. 

Where there are contractions below the mean aver- 
age cross section, there may be scours, hut they are 
local. The contraction acts us a dam, causes conges- 
tion with a rise of elevation for an indefinite- distance 
above the contracted point and an increase of slope be- 
low, but any increase of slope at one point is compen- 
sated hy a reduction when the area below becomes en- 
larged and if any material is removed, it is soon re-de- 
posited and cannot be carried to the (iulf by local ex- 
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pansion ami contraction, wjfcfi diminishing and alterna- 
ting velocities due to .slope. 

Tin: variations in slope are from ;"> inches to ji mile 
near Cairo to one inch to a mile near New Orleans, with 
corresponding variations of velocity. The heaviest par- 
ticles of wilt are deposited in the tipper valley on the lied 
and in the bottoms. The very lightest partie'es only 
arc carried to the Gulf, yet the quantity is so enormous 
that writers have Stated that the Gulf has filled to a 
depth of <!2I> feet and to a distance of 10 miles from tho 
mouth and the bed has been raised at Cairo over 300 
feet; yet it is apparently contended by the levee advo- 
cates that there are no longer any deposits on (be bed 
and the bed cannot rise. Tfiose who support this con- 
tention must indicate the time when the streams ceased 
to carry sill and make deposits and when the bed ceased 
to rise, and must prove that the silt carried to the Gulf 
is equal in quantity to that brought to the river by the 
tributaries. 

It has been shown that before the river was inter- 
fered with by the construction of continuous levees, the 
changes in flood elevations were very slow, only one foot 
in HO years, while the construction of levees has caused 
a rise as great as one foot in '2 i years. 

The St. Francis basin contains over 6000 square 
miles. 300,000 cubic feel pet" second pours into it from 
the overflow in high Hoods. Spreading over this immense 
area the velocity is very slow, requiring sometimes 
three weeks to reach Helena; during this slow progress 
the sediments must he neatly all deposited on the flats 
and only clear, or nearly clear water discharged into the 
river. When the St. Francis basin shall have been 
closed entirely, what will become of this sediment ? As 
it consists of the heaviest particles and those soonest de- 
posited, the quantity may lie ten times as great as is the 
portion carried to the Gulf. Will it be deposited at the 
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month ? If so, the slack Water of the lower river must 
have the transporting power of the swiftest current ;il 
the upper end . If not deposited in the Gulf, can the 
most fertile imagination conceive any other place of de- 
posit ili:m on the bed of tin- stream '*. The St. Francis 
basin contains l>70fi square miles and if the width of tin; 
Mississippi be taken at 4000 feet, one inch of deposit 
over the basin of the. St. Francis alone would till the bed 
of the Mississippi to a height of . r >.7 feet for a distance, 
of LOO miles. But the Si. Francis is only one of the 
several bttsins aggregating ii!t,79'l square miles, the de- 
posits from all of which must be thrown into the river 
when the levee system shall have been complete. Can 
there be a greater absurdity than to assume that with 
double the quantity of water thrown into the river and. 
all the basins closed, there wilt be no increase required 
in the height of the levees and that a system that lias 
caused an increased height of llood with a reduced volume 
of water and with openings remaining of considerable 
magnitude, can afford efficient protection when the safely 
valves are all closed and the volume of discharge doubled ? 

In 1H7!» Col. Suter found the mean proportion of 
wafer to sediment near ihe mouth of the Missouri to be 
265 to 1. As the outpour into the St. Francis is at the 
upper end where the water is largely charged with sedi- 
ment, it may be fair to take 5O0 to I as a basis of cal- 
culation. 

Mr. Brown estimated the annual discharge into the 
Gulf as equivalent to -.100,000 cubic feet per second for 
120 days, which is more than one third of the normal 
discbarge in floods at the mouth of the river. If as. an 
approximate calculation, we take une-thii'd of the Hood 
discharge into the St. Francis or 100,000 cubic feet per 
second for 120 days, carrying one* five-hundredth part of 
the sediment, thcie would be sutiicieut to make an an- 
nua! deposit on the bed of the Mississippi 100 miles in 
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length Mild one inch and two tenths in depth. Of course, 
there are no data for accurate calculations of this nature, 
but even !i lighl annual deposit continued for years will 
soon have a perceptible influence on flood elevation. Tin* 
South Pass In been filling nji :i 1 (lie rule of nearly live 
inches per year. 

This matter of deposits, consequent upon the con- 
struction of continuous levees, bae not received the eon 
sideration to which its importance entitles it. The ii ie 
of the bed by deposits has been too slow heretofore to 
attract much attention and it bus not been continuous, 
but upon the completion of the lever system the amount 
of deposits will be vastly increased and will be augmen- 
ted by all the former deposits in the basin.-. 

When the levee system shall have been completed, 
if folly shall be permitted to extend so far, it will then 
become necessary to make openings in the levees to af- 
ford relief; but even that will not remove the deposits 
upon the bed and restore the river to it> normal condi- 
tion. 

The Panama ( anal Company has been able by the 
use of steam shovels and the best appliances known at 
the time, to remove one million cubic yards per year. 
The deposits at the mouth of the Mississippi are now over 
two hundred million cubic yard* per annum. They must 
be increased largely when ihe levees are completed. How 
is a navigable channel to New Orleans to be kept, open ? 
If the course of the river, in accord with I lie universal 
plans of the Government engineers, should be extended 
by means of twin jetties, these jetties will form an ob- 
struction, increase the congestion and the height of Hoods, 
and as the velocity of discharge will be feeble, it will be 
impossible to provide dredging plant suilieienl to keep 
an open channel, as a large amount of the transported 
sediment muM be dropped between, above or beyond the 
jetties, how much no man living can calculate. 
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The maintenance of a channel through the deponl- 
in the (Julf will not be the only difficulty. The conges- 
tion caused by the Euds jetties in the South l'a.-> h«> 
caused the river above to till with sediment in places to 
a height of 55 feet, sothat dredging is even uoa required 
to keep the present channel open to Sew Orleans, aud 
the congestion at the month has increased the height of 
the flood planes above. 

The twin jetty plan of harbor improvement i tin- 
sound in theory, difficult of adjustment to a varying re- 
gimen find h;ts almost universally proven n failure in 
practice, compelling a resort to dredging to create :ind 
maintain a navigable channel. 

No single plan of improvement can solve the prob- 
lem of the Mississippi, — neither levees, outlets, waste 
wiers or diversions will singly be sufficient, 1ml a com- 
bination of all, directed by intelligence. Levees are re- 
quired for local protection, but a system of continuous 
levees for highest Hoods from Cairo to the Gulf ia the 
worst that could have been conceived. 

If as Engineer Brown has stated, a flood dischar- 
ging SO p, ct. less water than a preceding one raised the 
height of the water two feet in consequence of the closure 
of the outlets only in part: what will be the rise where 
the volume of water shall be doubled and all the outlet;, 
entirely closed ? 

THE REMEDY, 

To provide early relief it would therefore become 
necessary to remove portions of the levees already con- 
structed. The outlets will demand immediate and care- 
ful consideration. The reports of Humphreys: mid Ab- 
bott admitted thai outlets would reduce vmy greatly the 
height of the Hoods but condemned them on the ground 
that they would become so enlarged as to divert too 
much of the water, impair low water navigation and 
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flood the districts in their vicinity, causing great loss of 
property. 

These objections are purely chimerical. Il would 
be a veiy simple engineering problem to construe! the 
Outlets of such material of such height from the bottom 
and of such width that (here could he no enlargement. If 
the citls should he at proper height, the low water navi- 
gation would not be affected, and if wide enough, only 
the high waters would lie deflected and the low grounds 
through wh i^h they passed could he easily protected by 
low levees of inconsiderable height as compared with 
those required for protection on the main river. 

The outlets required below and near New Orleans 
would relieve all danger from Hoods: but there will be 
required levees for local protection and the questions of 
water wiers or spill ways, local reservoirs, for retention 
of Hood water and for irrigation and other less impor- 
tant questions would, of course, receive attention, and 
mi intelligent, practical and useful settlement could then 
be confidently expected and the great problem of the 
Mississippi would be solved, the overflow would cense, 
con tide nee he restored, life and property saved and an 
era of prosperity inaugurated which never can be at- 
tained under a system in reference to which an eminent. 
Senator, after a hearing of representatives of Civil En- 
gineering Societies, declared that if a worse system could 
he found anywhere else on Earth he would like to know 
where to look for it. 

MEASURES REQUIRED TO INSURE COMPLETE 

AN I > TERM AN ENT PROTECTION . 

Open outlets without delay as the quickest and most 
efficient mode of protection. The objections to them 
are futile. Il ha.« been elearlj shown hv Me.-v-i-. limn 
phreys and Abbott that outlets do not cause deposits in 



the stream to iuterfere with navigation, and the outlets 
can be so constructed that there can be no danger of en- 
largement. The sills can be of permanent construction 
and the elevation such that they will take off the crest 
of tilt; Hood waves ami cease tn art as spill ways when 
the water falls to an ordinary boating stage. 

The Lake Bo'rgne outlet should he the first to be 
utilized, but the others should be opened also either 
simultaneously m- successively, the principal of which 
would he at, the Atohafalaya and itt Luke Pontcbartrain. 
While admitting that outlets would reduce the height of 
the floods fur long distances, Messrs. Humphreys and 
Abbot! iti their voluminous report condemned the pro- 
posed outlet via Lake Pontchai train, on the ground that 
outlets would enlarge and carry off too large u portion 
of the water of the stream, thus endangering navigation : 
also that the Lake would he tilled up with sediment, the 
waters raised probably 2 feet, and the plantations, wo me 
of which were only 2 feet higher than the Lake, might 
be damaged by over How in ease of storms. These ob- 
jections seem to be purely chimerical. If any protection 
should be needed to the plantations on the borders of 
Luke Pontehartrain, levees two feet high would be am- 
ply sufficient, the construction of which would involve 
an expense absolutely insignificant in comparison with 
the Mississippi levees of great height extending for 
thousands of miles from the Gulf to Cairo. 

Six times at least has New Orleans been saved from 
destruction only by the fortunate occurence of the 
breaking of levees which caused crevasses or outlets, and 
quickly depressed the Hood level below the danger point. 
With higher levees the danger will be increased, but 
with permanent outlets properly located and constructed 
and an abandonment of all work on the continuous 
levees, all future danger can be averted, Mr. L. W. 
Brown, in his valuable paper previously referred to has 
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shown clearly that outlets are absolutely necessary for 

the safety of the Lower Mississippi Valley and the pro- 
tection of life and property and their construction should 
he no longer delayed . 

The [dan proposed by James A. Seddon for the 
construct ion of u series of reservoirs in the St. Francis 
Basin is worthy of the most careful consideration. This 
plan has been approved by eminent Civil Engineers. It 
was stilted Ilia! the flood of 1XD7 was (>..'{ feet lower at 
Cairo than the flood of !*«:! and yet in eonseqiience of 
the partial closing of the St. Francis Basin by levees, 
the crest of the flood at Helena was raised fi'om 4 to ti 
feet. 

The effect of the reservoirs would be to reduce the 
crest of the flood naves several feet all the way to the 
Gulf and leave the lower country free from overflow by 
crevasses, hut other and very important results would 
also flow from such const met ion. A huge area of pro- 
ductive land could be irrigated while the reservoirs 
would he chiefly located upon the lowest swamps, which 
are irreclaimable. 

In addition, the outflow from the leservoirs would 
for a long time help to maintain the river in a navigable 
stage, and by means of locks at the lower ends of the 
reservoirs Mr. Seddon claims that a slack water naviga- 
tion could lie secured with a depth of SJO feet all the 
way from the fiulf to Cairo, there to connect with the 
Drainage Canal to Chicago and in time establish a line 
of interior water communications with a navigable depth 
of 2d feel from New York to New Orleans, I lie effect 
of which upon the development of the country and 
the prosperity of the nation the wildest imagination 
could scarcely be able to exaggerate. 

The question as to whether the proposed system of 
reservoirs would also he applicable to the Yazoo basin 

might be worthy of consideration. 
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By restraining the range of flood heights, which are 
miw from -10 to 50 feet, and bringing them within a 
limit of 15 to 20, as is claimed to be passible by means 
of the outlets and reservoirs, the erosion of the banks, 
now impossible to prevent, would become manageable 
at moderate expense by revetments. Bars which obstruct 
navigation eon id be removed by dredging and excessive 
width curtailed by a change in position of levees so as 
gradually to correct the extreme variations of cross-sec- 
tion and secure greater uniformity of slope. These 
changes could be effected by moderate annual appropri- 
ations extended over many years and would not prove 
burdensome.; they would be insignificant in comparison 
with the benefits secured. 

ll is not by the continuous levee or by any one sys- 
1em that the dangers that now menace New Orleans and 
the Valley of the lower Mississippi can be averted ; but 
by a combination of several, directed by intelligence, 
after a careful study of localities and conditions. In this 
way, and in this way only, can the problems of the Mis- 
sissippi be solved and the citizens of New Orleans, the 
inhabitants of the valley and the proprietors of planta- 
tions, be relieved for all future time from impending 
dangers in comparison with which the Galveston flood 
Would sink into insignificance. 

Mr. Seddon states that the Government has now 
expended about $10,000,00(1, on the Mississippi, the re- 
sult of which has been to gain experience; in other 
words, to educate its engineers. An equal expenditure 
on proper plans would have built reservoirs in the St. 
Francis basin, secured a 20 foot navigation from the 
Gulf to Cairo and protected from Hoods perpetually. Is 
it not time that the costly experience gained by failures 
should be utilized ? 



